In this issue of Neuron, Klein et al. (2016) used cell-type-specific optogenetics and electrical microstimulation to characterize the koniocellular geniculocortical projections in nonhuman primates. Their work offers a powerful platform for refining our understanding of the mechanisms of visual information processing in the lateral geniculate nucleus and primary visual cortex.
Optogenetics has revolutionized neuroscience research in transgenic animal models and is slowly becoming more sophisticated in nontransgenic models. In nonhuman primates (NHPs), the application of optogenetics has advanced from the initial proof of principle (Diester et al., 2011; Han et al., 2009 ) to perturbing behavior (Cavanaugh et al., 2012; Gerits et al., 2012) , evoking percepts (Jazayeri et al., 2012) , and, most recently, projection-specific targeting in the oculomotor system (Inoue et al., 2015) . Cell-typespecific targeting, however, has remained a challenge (but see Lerchner et al., 2014) . In this issue of Neuron, Klein et al. (2016) use optogenetics and electrical microstimulation to target the koniocellular cells of the lateral geniculate nucleus (LGN) in NHPs.
The macaque visual system is among the most thoroughly characterized model systems for thalamocortical processing. Thalamocortical projections to the primary visual cortex (V1) originate from distinct and alternating bands of magno, parvo, and koniocellular cells in the LGN. Decades of research have shown that the magno-and parvocellular projections terminate in the granule layer of V1, whereas koniocellular cells (K-cells) project to the supragranular layers. In addition to their distinct anatomical projections, K-cells are the only cells in the LGN that express the calcium binding protein CamKIIa (Hendry and Reid, 2000) . The authors took advantage of this biochemical property and used a viral vector (rAAV5) with an effective CamKII promoter to target the expression of Channelrhodopsin-2 (ChR2) to K-cells. The vector transduced many K-cells with reasonable (but imperfect) specificity and reliability, and reporter gene expression was found throughout the membrane of transduced cells. In addition to K-cells and nearby CamKII-positive cells, the vector was also able to transduce distant layer 6 pyramidal cells of V1 and retinal ganglion cells, presumably through retrograde transport mechanisms.
K-cells have heterogeneous visual response properties and are thus difficult to identify and characterize with visual stimuli. Klein et al. (2016) used optogenetics as an assay to identify K-cells based on their responsiveness to optogenetic stimulation. Optogenetic stimulation can activate both cells of interest that express ChR2 and interconnected cells that do not express ChR2. Klein et al. (2016) , therefore, focused their analysis on cells with short-latency responses to optogenetic stimulation that are more likely to have been K-cells with ChR2 expression. They characterized K-cells' response properties to a battery of stimuli including full-field gratings and colored dots. The results were consistent with previous work showing that K-cells comprise a highly heterogeneous population with diverse response properties (Hendry and Reid, 2000) . Nearly half the cells did not respond to visual stimulation. Among the visually responsive neurons, a few were sensitive to short-wavelength (blue) stimuli, but overall, no systematic tuning properties were identified. The heterogeneity, however, may have been overestimated due to off-target effects in LGN and/or retrograde expression outside LGN. Klein et al. (2016) further used optogenetics to assess the V1 responses evoked by direct activation of K-cells. They used cortical laminar probes to measure local field potentials (LFPs) across cortical layers in V1 evoked by two types of stimuli: (1) optogenetic stimulation of K-cells and (2) visual stimulation using flicker stimuli. They used LFP recordings to compute current source density (CSD) profiles (Mitzdorf, 1985) across V1 and infer the pattern of transmembrane currents that drive V1 extracellular activity. As reported previously (Mitzdorf, 1985) , the flicker stimulus generated an early current sink at the granular layer 4, which is consistent with the anatomy of the magno-and parvocellular pathways. In contrast, the optogenetic stimulation of the K-cells initiated a current sink in the supragranular layers of V1, as expected by K-cell projection patterns to V1 layers 1-3 (Hendry and Reid, 2000) . These results provide a clear distinction in the pattern of currents evoked by different geniculocortical pathways and motivate the use of cell-type-specific optogenetics to further dissect the interaction between LGN signals that drive V1 activity.
K-cells are also spatially segregated and reside predominantly between the magno-and parvocellular bands of LGN. Klein et al. (2016) asked whether this spatial segregation can be used to selectively activate K-cells with electrical microstimulation. They used the distinct CSD profiles associated with flicker stimuli and optogenetic stimulation to assess the specificity of electrical microstimulation. Their analyses showed that a precisely positioned electrode can indeed drive K-cells with remarkable specificity. The fact that electrical stimulation can specifically activate K-cells should be a boon for studies seeking to activate (but not silence) the koniocellular pathway. Although recording from LGN during electrical microstimulation is challenging (due to electrical artifacts), this technique might be particularly useful for dissecting the function of the geniculocortical pathways.
It is, however, important to note that this use of electrical microstimulation may not generalize to other neural systems, including other thalamocortical pathways, straightforwardly. The convenient segregation of konio-, magno-, and parvocellular bands in LGN enabled projection-specific electrical stimulation and may also have facilitated the specificity of optogenetic activation. However, cortical areas and many subcortical nuclei lack the celltype-specific anatomy that would permit targeting by electrical microstimulation. Even in macaque LGN, targeting the koniocellular layers 5 and 6 may be challenging, due to their relatively thin laminae (Hendry and Reid, 2000) . The success of electrical microstimulation would likely depend not only on sufficient separation of cell bodies but also of projections, as myelinated axons are generally thought to be more susceptible to electrical stimulation than cell bodies (Nowak and Bullier, 1998) . Consequently, in experiments with interest in other cell types and pathways, the specificity of electrical microstimulation as a proxy for cell-type-specific optogenetics must first be verified.
A natural next step to the current study is to use optogenetics and/or electrical microstimulation to causally test the function of K-cells and their projections to V1 in behavior. For example, using a similar methodology in monkeys trained to discriminate colors, it should be possible to ask whether K-cells play a causal role in the perception of color along the blueyellow axis. Given the predominance of apparently nonvisual K-cells, it is also conceivable that that koniocellular projections to V1 are involved in modulating geniculocortical signals in ways that depend on behavioral context and thus can only be assessed in behaving animals. A point of caution is that Klein et al. (2016) used electrical microstimulation under anesthesia. It is important to verify the specificity of electrical stimulation in the awake setting, where cells and circuits are more excitable.
Because K-cells project to supragranular V1, analysis of their effect on V1 microcircuits might provide a more general understanding of the function of thalamocortical projections to superficial cortex. Several thalamic nuclei comprise both large ''core'' cells which express parvalbumin and project to granular layers, and interspersed ''matrix'' cells which express calbindin and project to superficial cortical layers, roughly similar to the LGN (Jones, 2001) . Therefore, insights about how K-cells influence information flow in V1 might inform more broadly the role of matrix cells in other thalamic nuclei.
The development of additional celltype-specific targeting approaches in primates remains a major goal. One traditional approach is to identify candidate genes with strong activity in a cell type of interest and use the promoter sequences upstream to confer specificity. One constraint in nontransgenic animals is the need for viral delivery, which limits the length of the promoter sequence that can be accommodated and can impact specificity (Nathanson et al., 2009 ). This may be partly alleviated by using other viral vectors that accommodate a larger payload (e.g., lentivirus), but the constraint remains in principle. Therefore, more innovative strategies might be needed for using promoter sequences for cell-type-specific targeting (de Leeuw et al., 2014) . It is also possible to engineer more effective viral vectors, as was shown recently in the case of retinal ganglion cells (Dalkara et al., 2013) . Efforts are underway to create large libraries of vectors that can be refined through directed evolution to produce viral vectors that are more specific and can be suitably used for retrograde and/or anterograde targeting.
There is no doubt that continued progress in optogenetics in NHPs will be crucial for a deeper understanding of the neural basis of cognition. With less than a decade of work on primate optogenetics, a comprehensive toolkit for celltype-specific targeting in primates seems within sight. However, as our ability to target neural systems at the level of specific cell types advances, we acknowledge an important uncertainty: whether and how complex behavioral computations can be reduced to cell-type-specific operations remain a fascinating mystery.
